Article published online: 2021-06-21

& Thieme

Calcitonin Stimulation Tests: Rationale, Technical Issues and Side

Effects: A Review

Authors

Mara Baetu'®, Cristina Alexandra Olariu', Gabriel Moldoveanu'- 2, Cristina Corneci’, Corin Badiu': 2

Affiliations

1 “C.l. Parhon” National Institute of Endocrinology,
Bucharest, Romania

2 “Carol Davila“ University of Medicine and Pharmacy,
Bucharest, Romania

Key words
calcitonin, stimulation test, side effects, safety

received 29.12.2020
accepted after revision 14.04.2021

Bibliography

Horm Metab Res 2021; 53: 355-363

DOl 10.1055/a-1487-6449

ISSN  0018-5043

© 2021. Thieme. All rights reserved.

Georg Thieme Verlag KG, RidigerstraRe 14,
70469 Stuttgart, Germany

Correspondence

Mara B3etu M.D. Ph.D. Student

“C. Davila” University of Medicine and Pharmacy
“C.I. Parhon” National Institute of Endocrinology
34-38 Aviatorilor Bvd

011863 Bucharest

Romania

Tel: +40 741498229

mara.baetu@drd.umfcd.ro

ABSTRACT

Calcitonin (CT) stimulation tests have great value and could
help to: differentiate thyroid causes of elevated CT apart from
non-thyroid sources, determine whether the patients with
slightly elevated basal CT could/could not be candidates for
surgery, and indicate the right moment for prophylactic thy-
roidectomy in children with MEN syndromes when with normal
basal CT. This triggered the requests for development of CT
stimulation tests, taking into consideration their safety and
aimed us to write a systematic review of literature regarding
the rationale, technical issues, and side effects of CT stimula-
ting tests used for diagnosis of MTC. After a thorough review
of the literature, we classified the reported side effects by se-
verity, as defined by United States Food and Drug Administra-
tion. A statistical analysis was performed using IBM SPSS Stati-
stics version 20. Various side effects were noticed during
stimulation tests that differ by intensity, duration and severity,
depending on types of substances and protocols used. The side
effects after pentagastrin test were significantly more severe
than those reported after calcium stimulation test (p=0.0396).
There are also significant gender-specific differences in side
effects induced by stimulation tests. In conclusion, we recom-
mend performing Ca CT stimulation test when needed, consi-
dering preventive evaluation of some clinical, instrumental,
and biochemical aspects of each patient. Precise instructions
should be followed before a stimulation test and furthermore
continuous cardiac monitoring is essential during and after the
test to minimize the possibility of a serious event.

Introduction

Medullary thyroid carcinoma (MTC) can be cured only by comple-
te resection of the thyroid tumor and any local and regional meta-
stases [1], thus the prognosis is good when the disease is diagnosed
in the early localized stage. Progress of calcitonin (CT) assays and
different reference cut-off values changed the cut-off level for MTC
diagnosis [2-7]. While very high CT levels are representative for
MTC [8,9], a small increase of CT values in addition to thyroid no-
dules might increase concern for undiagnosed small MTC. Current
revised MTC guidelines do not specify reference ranges of basal or
stimulated serum CT levels for the diagnosis of MTC, recommen-
ding that laboratories set their own reference ranges based on stu-
dies of large numbers of normal patients and patients with MTC
[9]. This triggered the requests for development of CT stimulation

tests. Several substances and protocols have been used over time
for stimulation of CT secretion, even though the rationale behind
each substance is not explicit. Some of them proved to be efficient
in early diagnosis of MTC, like calcium (Ca), pentagastrin (Pg) or
the combined Pg-Ca test. Other agents like omeprazole, glucagon,
thyrotropin-releasing hormone (TRH), alcohol, histamine, lysine
vasopressin, peptones, synthetic C-terminal octapeptide of porci-
ne cholecystokinin-pancreozymin (C8-CCK), or purified, native
swine extract of cholecystokinin-pancreozymin (CCK) had only
been tested in small series.

The indication to perform CT stimulating tests has changed in
the last years. First of all, they may help to differentiate thyroid cau-
ses of elevated CT apart from non-thyroid sources [6, 9]. Second,
when basal CTis in the grey zone (a mild elevation between normal
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and assay-and-gender specific published thresholds), a stimulati-
on test may help determine whether the patients could be candi-
dates or definitively not be candidates for surgery [6, 7, 10]. Third,
in inherited syndromes that involve C-Cell disease, when basal CT
is normal, a stimulation test can help indicate the right moment for
prophylactic surgery in children [9-11].

Calcium is the current gold standard of CT stimulation, where-
as Pgis no longer available worldwide. It is very important to have
an early detection based on Ca stimulated CT tests, but the ques-
tion is “Are they safe?”.

Objective

We thus aimed to write a systematic review of literature regarding
side-effects for CT stimulating tests used for diagnosis of MTC.

Materials and Methods

Athorough review of the literature was done based on research and
evidence-based practice using PubMed as search engine. The key-
words used for search were: “calcitonin stimulation”, or “calcitonin
stimulation test”, or “stimulated calcitonin”, or “provocative test
calcitonin”, or “calcium loading test calcitonin”, or “pentagastrin
test”, or “calcium pentagastrin test”, or “side effects calcitonin sti-
mulation” or “adverse reaction calcitonin stimulation”. The search
was performed between February and April 2020, and it was limi-
ted for English articles. No filter was applied for publication date.
All types of articles were assessed, such as case reports, clinical tri-
als, meta-analysis, reviews, systematic reviews. The process for
study selection was based on the Preferred Reporting Items for Sys-
tematic Reviews and Meta-Analyses (PRISMA) 2009 checklist [12].

The focus of this paper was the safety of CT stimulation tests,
so we assessed the side-effects, not the differences in their sensi-
tivity or specificity, nor the thresholds for diagnosis and prognosis.
First, we evaluated titles and abstracts of articles. The articles irre-
levant for the study question and the articles that do not discuss
the outcome that is of interest to this research were excluded, and
relevant papers were selected. Furthermore, their full texts were
read and screened forinclusion and exclusion criteria by this paper’s
firstauthor. As inclusion criteria, we selected studies that specified:
the substance used, the administration protocol used (quantity and
time of administration), the number of subjects and the side ef-
fects noted by the authors. Exclusion criteria included: animal stu-
dies and studies with insufficient data such as a standardized pro-
tocol. Because in Ca stimulation tests various types of Ca were used,
like Ca gluconate, Ca chloride, or Ca laevulatis, the tests were eva-
luated by the amount of elemental Ca in order to homogenize the
test conditions. From another point of view, we screened whether
the authors mentioned the patient’s monitoring protocol, such as
blood pressure (BP) and electrocardiogram (ECG) monitoring. In
addition, we analyzed how the outcome was measured, the way of
evaluating the adverse reactions, and its objectivity.

For further analysis, we classified the reported side effects by
severity, as defined by United States Food and Drug Administrati-
on (FDA) 21 312.32 Code of Federal Regulations [13], as follows:
Adverse event (AE) - any untoward medical occurrence associated
with the use of a drug in humans, whether or not considered drug
related; Life-threatening adverse event (LTAE) - any adverse event

that in the view of the investigator places the patient atimmedia-
te risk of death; it does not include an adverse event that, had it oc-
curred in a more severe form, might have caused death; Serious
adverse event (SAE) - any adverse event that in the view of the in-
vestigator results in any of the following outcomes: death, a life-
threatening adverse event, inpatient hospitalization or prolonga-
tion of existing hospitalization, a persistent or significant incapa-
city or substantial disruption of the ability to conduct normal life
functions, or a congenital anomaly/birth defect; important medi-
cal events that may not result in death, be life-threatening, or re-
quire hospitalization may be considered serious when, based upon
appropriate medical judgment, they may jeopardize the patient or
subject and may require medical or surgical intervention to pre-
vent one of the outcomes listed in this definition [13].

The classification was done for all side effects reported during
Ca stimulation tests, and for historical interest, for Pg stimulation
tests. Other substances had fewer studies and were excluded. Fur-
thermore, a statistical analysis was performed using IBM SPSS Sta-
tistics version 20.

Rationale behind Ca or Pg stimulation test

CT is a peptide secreted by parafollicular C-cells of the thyroid
gland, which are neuroendocrine cells derived from ultimobranchi-
al body. The CT secretion is controlled by ionized Ca levels through
a G-protein coupled receptor called Ca-sensing-receptor (CaSR),
which is expressed on the parafollicular C-cells [14, 15]. The C-cells
release CT during hypercalcemia, and the secretion decreases in
response to hypocalcemia [16]. CaSR is also expressed by MTC cells,
thus releasing CT in response to Ca [17]. Therefore, administration
of Ca may increase the sensitivity of CT testing (CT stimulation
tests) [9]. For a better understanding of the possible side-effects,
it is important to mention that CaSR activation also triggers gast-
rin secretion and gastric acid production, that further stimulate CT
production [18, 19]. CT suppresses osteoclast-mediated bone re-
sorption and increases the renal excretion of Ca [16]. In humans,
its physiologic role is still in question, but it proved efficient as treat-
ment for osteoporosis or hypercalcemia and a tumor marker for
the diagnosis and follow up of MTC.

Pg is a peptide that mimics natural gastrin and by binding to
cholecystokinin-B/gastrin receptor, it stimulates the production of
gastric acid by the oxyntic cells and the pancreatic secretion. Alt-
hough it enhances gastrointestinal motility and stimulate the gall-
bladder, it delays gastric emptying time [20]. Normal thyroid tis-
sue does not express measurable amounts of cholecystokinin-B/
gastrin receptor, but MTC can frequently express cholecystokinin-
B/gastrin receptors [21]. When Pg binds to this receptor it increa-
ses CT production, thus CT rises depending on how many recep-
tors are present.

Results

During our first search we found 5494 articles that were further-
more assessed based on review of title and abstract. Among these,
the full texts of 347 were furthermore read and evaluated for the
inclusion and exclusion criteria. Finally, 25 articles were included
in the present review (> Fig. 1). Among them, 12 studies tested
both Ca and Pg separately in approximately the same group of
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Articles with data outcome
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»Fig.1 Prisma chart.

patients. From another point of view, we found a total of 19 ar-
ticles about Ca stimulation test, 15 articles about Pg stimulation
test, and 4 articles about combined Pg and Ca stimulation test
(»Tables 1-3).

Regarding Ca stimulation test, the protocols involved different
types of Ca that were evaluated by the amount of elemental Caiin
order to homogenize the test conditions (Ca gluconate, Ca chlori-
de, or Ca laevulatis), different amounts of Ca, different paths of ad-
ministration [intravenous (iv) and orally], with some differences in
dilution and infusion time (> Table 1). No significant differences
were registered.

Regarding Pg stimulation test, the protocols involved the same
amount of Pg (0.5 pg/Kg BW), the same path of administration (iv),
with some differences in dilution and infusion time (> Table 2). No
significant differences were registered.

Test comparison

After classification by severity of the reported side effects for Ca
and Pg tests as defined by FDA 21 312.32 Code of Federal Requla-
tions [13]in AE, SAE and LTAE, the side effects after Pg test were si-
gnificantly more severe than those reported after Ca stimulation
test (p<0.05).

Of much importance were the 12 studies that tested both Ca
and Pg separately in approximately the same group of patients (9
studies tested in the same group [19, 22-29], whereas 3 studies
did not keep the same number of patients for both stimulants)
[4,30,31]. After we applied the paired t-Test, the side effects after
Pg test were significantly more severe than those reported after Ca
stimulation test (p<0.05).

A comparison was noted by authors themselves that performed
both Pg and Ca test separately on the same patient or the combined
Pg-Ca test. Some authors used a questionnaire to be filled by the
subjects for a better classification of type, duration or intensity of
the side effects. Colombo et al. disclosed that almost all patients

preferred the Ca test and that the intensity and duration of side ef-
fects were significantly lower during the test [4]. Also, between
these two tests, warmth was noted in 134 of 309 Ca tests versus
21 of 195 Pg tests (p<0.0001), whereas gastric pain, nausea, and
throat tightness in 108 of 195 Pg tests versus 54 of 309 Ca tests re-
corded side effects (p<0.0001) [4]. Furthermore, Doyle et al. also
noted that all subjects receiving both substances preferred the Ca
test due to a perception of more unpleasant adverse effects of Pg
and declared that in healthy young to middle-aged adults, Ca see-
med to be a better-tolerated test [31]. In another study, only mild
side effects were reported after Ca infusion, whereas after Pg infu-
sion 24 % of the symptoms were classified as moderate [22]. In con-
trast, Telenius-Berg et al. noted that all patients have preferred the
Pg tests to the infusion of Ca gluconate [32].

Concerning the duration of side effects, in one study it was
noted that the majority of side effects (59 %) during the combined
stimulation test lasted for less than 1 minute, whereas only 29.4
and 20 % of side effects observed during the Ca or Pg stimulation
tests, respectively, lasted less than 1 minute [30]. The duration of
the symptoms as perceived by the patients reported by Thiem
et al. ranged from only a few seconds up to 4 minutes with a medi-
an duration of 1.75 minutes after Ca test and 2 minutes after Pg
[22]. In contrast, in Graze et al.’s analysis, the patients preferred
the Pg test because the duration of discomfort after Ca infusion
was longer, even though they more immediately uncomfortable
after Pg [29].

Regarding the intensity, Vainas et al. used a semi-quantitative
scale as mild (not bothersome for the patient), moderate (bother-
some but tolerable), and severe (intolerable) [30]. The symptoms
were of mild-to-moderate severity in the majority of cases, that s,
76,77, and 61 % after the combined, Ca and Pg stimulation tests,
respectively [30]. The degree of the side effects was not described
by others saying there is no ““gold standard’’ for measurement of
the intensity of these side effects [19].

Interestingly, Ubl et al. noted a significant gender-specific diffe-
rence in side effects induced by stimulation tests [19]. Regarding
the Pg test, higher incidences of most side effects were declared
by male patients in comparison with female ones, excepting urgen-
cy to micturate and retro/substernal tightness. Concerning the Ca
test, the incidences of altered taste, nausea, vomiting and abdo-
minal cramping were higher in male patients than those in female
ones. In contrast, the incidences of dizziness were reported to be
increased in the female patients as compared to male ones
(p<0.05). The authors reported that female patients had fewer side
effects by Pg test than by Ca test, whereas male patients may tole-
rate the Ca test better than the Pg test. The occurrence of urgency
to micturate in female patients in comparison to male ones was si-
gnificantly higher in both Pg and Ca stimulation tests (p=0.03).
They declared that the reasons for the gender-related differences
in the side effects were unknown [19].

Hemodynamic monitoring

The most frequent cardiovascular adverse events reported by some
authors during stimulation tests were tachycardia [30,33-35] or
bradycardia [36]. The severe cardiovascular side effects reported
by two authors were atrial fibrillation, asystole and unresponsive-
ness after a Ca stimulation test [10] and after a combined Ca-Pg
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»Table 1 Calcium (Ca) stimulation test (19 articles).

Authors Year” Sub- Substance Administe- Time/ Side effects Severity
[Ref] jects red dose of rate of

elemental Ca infusion
Thiem et al. 2014 6 Ca gluconate 1mg/kg BW iv 2 min Feeling of warmth in 5 (max duration 4 min); SAE
[22] 10% chest tightness in 1 (duration: 3 sec)
Farndon 1983 15 Ca gluconate 2mg/kg BW iv 45 sec Warmth, nausea AE
etal. [23]
Vainas et al. 2013 25 Ca gluconate 2mg/kg BW iv 50 sec Burning sensation in 19; nausea in 6; SAE
[30] numbness in 4; weakness in 3; malaise in 2;

abdominal discomfort in 1; angina/palpita-
tions in 1; faintness in 1; flushing in 1; no
side-effects in 1

Wells et al. 1978 47 Ca gluconate 2mg/kg BW iv 1 min Generalized flush, urge to micturate, epigastric ~ AE
[24] fullness

Emmertsen 1980 14 Ca laevulatis 2mg/kg BW iv Nausea, general feeling of warmth AE
etal. [25] 10%

Russo et al. 2014 1 Ca gluconate 2mg/kg BW iv 10ml/ Unresponsiveness, asystole LTAE
[10] 10% min

Gharib et al. 1987 104 Ca gluconate 2mg/kg 5 min Mild sensation of generalized warmth. AE
[26] BW iva Duration: less than 5 min

Colombo 2012 144 Ca gluconate 2.3mg/kg 10ml/ Abdominal cramping/urgency to micturate, SAE
etal. [4] 10% BW iv min feeling of warmth, gastric pain, nausea, neck/

throat tightness, flushing, headache, extremity
and/or lips paraesthesia

Mian et al. 2014 91 Ca gluconate 2.3mg/kg 5ml/ Bradycardia in 1; warmth SAE
[36] BWP iv mind
Papadakis 2015 55 Ca gluconate 2.3mg/kg 3 min Brief bouts of nausea (duration: <1 min), AE
etal. [3] BW iv headache/flushing
Doyle [31] 2009 42 Ca gluconate 2.5ma/kg 10ml/ Temporary flushing, feeling of warmth in 98 %; AE

10% BW iv min facial paraesthesia, altered gustatory sensation

in 20%. Duration: up to 15 min

Ubl et al. 2013 256 Ca gluconate 2.5mg/kg Warmth feeling in 64M/63F; altered gustatory SAE
[19] 10% BW iv sensation in 33M/18F; nausea in 20M/21F;

dizziness in 13M/23F; extremity or facial

paraesthesia in 7M/15F; urgency to micturate

in 3M/16F; retro/substernal tightness in

3M/7F; abdominal cramping In 4M/5F;

headache in 4M/4F; vomiting in 3M/OF; severe

fatigue in OM/2F; memory impairment in 0
Rosario 2017 41 Ca gluconate 2.5mg/kg Warm feeling or flushing in 13 (31.7 %); AE
et al. [49] 10% BW iv paraesthesia in the extremities or lips in 4

(9.7 %); abdominal cramping or urinary

urgency in 3 (7.3%); nausea in 1 (2.4 %)

Mclean 1984 44 Ca chloride 3mg/kg 5ml/min Nausea, perioral and digital paraesthesia AE
etal. [27] 10% BW ive

Morimoto 1979 22 Ca gluconate 4mg/kg BW iv 1 min Flush sensation. Duration: 1 min AE
etal. [38] 8.5%

Morimoto 1979 8 Ca gluconate 4mg/kg BW iv 5 min Flush sensation. Duration: several min AE
etal. [38] 8.5%

Hennessy 1974 38 Ca gluconate 15mg/kg 4h Mild nausea AE
et al. [28] BW ivd

Graze et al. 1978 107 Ca gluconate 15mg/kg Nausea in 75% AE
[29] BW iv

Parthemore 1974 4" Ca chloride 150 mg ive 5-10 Facial blushing in V4 AE
etal. [50] min

Bevilacqua 2005 55 Ca gluconate 1g orallyf - Well tolerated, no side effects AE

etal. [51]

* Year of publication; ** 7 explorations. @ Diluted with 50 ml of 0.9 % NaCl; b Adjusted BW; ¢ Diluted up to 50 ml with 0.9 % NaCl; 4 Diluted with 500 ml
of 0.15 M NaCl; ¢ Diluted with 50 ml of 0.9 % NaCl; f Mixed with 250 m| of distilled water; 9 Minimum 3 min. KgBW: Kilograms per body weight; iv:
Intravenous; M: Male; F: Female; AE: Adverse event; SAE: Serious adverse event; LTAE: Life-threatening adverse event.
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»Table 2 Pentagastrin (Pg) stimulation test (15 articles).

Authors
[Ref]

Gharib et al.
[26]

Graze et al.
[29]

Wells et al.
[24]
Emmertsen
et al. [25]

Hennessy
etal. [28]

Wells et al.
[52]

Rude et al.
[33]

Doyle et al.
[31]

Colombo
etal. [4]

Ubl et al. [19]

Vainas et al.
[30]

Thiem et al.
[22]

Verdy et al.
[53]

Farndon et al.
[23]

McLean et al.
[27]

Year”®

1987

1978

1978

1980

1974

1975

1977

2009

2012

2013

2013

2014

1978

1983

1984

Sub-
jects

104

107

47

14

38

50

74

256

39

15

44

Administered
dose

0.5 pg/kg BW iv

0.5 pg/kg BW iv
0.5pg/kg BW iv

0.5 pug/kg BW iv2

0.5 pg/kg BW ivb

0.5 pg/kg BW ive

0.5 pg/kg BW ivd

0.5 pg/kg BW iv

0.5 pg/kg BW iv

0.5pg/kg BW iv

0.5 pg/kg BW iv

0.5pg/kg BW iv

0.5 ug/kg BW ive
0.5pg/kg BW iv

0.5 pg/kg BW ivf

Time of
infusion

<5 sec

5 sec

5-10 sec

10 sec

10-15 sec

15 sec

1 min

Side effects

Substernal discomfort, abdominal cramping, nausea.
Duration: less than 2 min

Tightness in the chest, generalized unpleasant feeling.
Duration: 2-5 min

Sensation of tightening in the pharynx and retrosternal
area, epigastric fullness

Generalized unpleasantness with oppression and
abdominal discomfort. Duration: about 2 min

Mild epigastric distress. Duration 1-2 min

Mild epigastric pain. Duration: 45-60 sec

Moderate to severe substernal pressure, dyspnea, mild
tachycardia and tachypnea in 2/4. Duration: 2 min

Retro/substernal tightness/abdominal cramping in 94 %,
extremity paraesthesia in 74 %, feeling of warmth in
30%, dizziness in 12 %, nausea, urge to micturate,
metallic taste a few subjects each. Duration: 1-2 min

Abdominal cramping/urgency to micturate, feeling of
warmth, gastric pain, nausea, neck/throat tightness,
flushing, headache, extremity and/or lips paraesthesia

Warmth feeling in 64M/57F; nausea in 53M/34F; altered
gustatory sensation in 30M/19F; dizziness in 24M/17F;
abdominal cramping in 24M/14F; extremity or facial
paraesthesia in 20M/13F; retro/substernal tightness in
12M/11F; headache in 11M/7F; urgency to micturate in
3M/5F; vomiting in 7M/1F; memory impairment in
1M/OF

Burning sensation in 7; weakness in 5; abdominal
discomfort in 5; nausea in 4; angina/palpitations in 2;
tachycardia in 1; faintness in 1; numbness in 1; hunger in
1; no side-effects in 2

Feeling of warmth in 5 (max duration: 4 min); chest
tightness in 3 (max duration: 3 min); abdominal cramps
in 2 (max duration: 3min); nausea in 2 (max duration: 2
min); extremity paraesthesia in 2 (max duration: 2 min);
flushing in 2 (max duration: 2 min); pruritus in 1
(duration: 4 min); dizziness in 1 (duration: 1 min);
alterations in the sense of taste in 1 (duration: 1 min);
need to cough in 1 (duration: 10 sec); headache in 1
(duration: 3 sec)

Mild substernal pressure and dyspnea. Duration: less
than 1-2 min. Flushing

Abdominal cramps, nausea

Transient but severe abdominal discomfort, nausea

Severity

AE

SAE

SAE

AE

AE

AE

SAE

SAE

SAE

SAE

SAE

SAE

SAE

AE

AE

* Year of publication. @ Diluted with 1-2 ml of 0.9 % NaCl; ® Diluted with 2-4 ml of 0.15 M NaCl; ¢ Diluted with 2-4 ml of 0.15 M NaCl; 4 Diluted with

5ml of 0.9% NaCl; ¢ Diluted with saline; f Diluted with 5-10 ml of 0.9 % NaCl. KgBW: Kilograms per body weight; iv: Intravenous; M: Male; F: Female;

AE: Adverse event; SAE: Serious adverse event.
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»Table 3 Combined pentagastrin (Pg) and calcium (Ca) stimulation test (4 articles).

Authors [Ref] Year” Subjects Substance Administe- Time of Side effects Severity
red dose infusion
Drucker [37] 1981 1 Ca gluconate 2mg/kg BW 1 min 5 Unresponsiveness (short period), LTAE
Pg iv0.5pg/kg sec high-rate atrial fibrillation
BW iv (duration: 4 h)
Simpson et al. 1990 210 Ca gluconate 2mg/kg BW 1 min few Flushing; sweating; pharyngeal, SAE
[34] Pg iv0.5pg/kg sec retrosternal or epigastric pressure;
BW iv general weakness. Serious complica-
tions including malaise and prostration
for 24 to 48 hours, cardiac arrhythmias
and hypotension (<1%)
Van Lathem et al. 1992 78 Ca chloride 3mg/kg BWa 10 min Generalized warmth Hypotension, SAE
[54] Pg iv 0.5 pg/kg abdominal cramps, nausea. Duration:
BW iv less than 2 min

Vainas et al. [30] 2013 26 Ca gluconate

BW iv

2mg/kg BW 50 sec 10
Pg iv 0.5pg/kg sec

Burning sensation in 25; flushing in 9; SAE
weakness in 5; abdominal discomfort

in 5; nausea in 4; numbness in 2; tachy-

cardia in 2; hunger in 2; dysarthria in 1;

malaise in 1; no side-effects in 1

* Year of publication; a Diluted with up to 10 ml of sterile water. KgBW: Kilograms per body weight; iv: Intravenous; SAE: Serious adverse event; LTAE:

Life-threatening adverse event.

stimulation test [37]. Mian et al. outlined that in 90 of 91 cases, no
heart rate variations were observed and declared that patients
should be reassured about the safety of the test [36]. Moreover,
Mian et al. stress out the importance of preventive evaluation of
some clinical, instrumental, and biochemical aspects of each pati-
ent, in consideration of the proarrhythmic risks linked to the infu-
sion of Ca gluconate [36]. Some studies reported that no signifi-
cant changes were seen on ECG [38], or no ECG monitoring was
mentioned at all.

Discussion

Over time various substances and protocols have been used for CT
stimulation tests for MTC diagnosis. Stimulation tests have also
been used in other disorders besides MTC. Pg was studied for vari-
ous gastric function tests [39-43], for diagnosis of carcinoid syn-
drome [44], for diagnosis and follow up of VIPoma [45] and even
for anxiety psychophysiology research [46]. The Ca gluconate test
was also considered for the diagnosis of carcinoid syndrome [44],
whether the combined Ca-Pg test was studied for the diagnosis of
somatostatinoma [47,48]. The indication to perform CT stimula-
ting tests has changed in the last years. The new indications are: to
help differentiate thyroid causes of elevated CT apart from non-
thyroid sources [6, 9], to help determine whether the patients with
slightly elevated basal CT could/could not be candidates for surge-
ry [6,7,10] and to help indicate the right moment for prophylactic
thyroidectomy in children with Multiple Endocrine Neoplasia (MEN)
when basal CTis normal [9-11]. Unfortunately, CT stimulation tests
failed to accurately differentiate between micro-MTC and C-Cell
hyperplasia (CCH) [5].

A clear difference between side-effects and severe complica-
tions has to be drawn. For a better attempt to an objective analy-
sis, we classified the reported side effects by all the authors by se-
verity, as defined by FDA 21 312.32 Code of Federal Regulations
[13]. For historical interest, our results indicated that adverse re-
actions after Pg test were significantly more severe than those
noted after Ca stimulation test. Among the types of Ca, Ca gluco-
nate has the most studies so far. No significant differences could be
noted between the amount of injected elemental Ca or time of in-
fusion.

Calcium stimulation tests
Mild side effects

The majority of side-effects after Ca administration are mild, and
represented mostly by: feeling of warmth, nausea, altered gusta-
tory sensation and headache. SAE like tachycardia/bradycardia,
neck/chest tightness can occur with lower frequency.

Severe complications

In our review, only one LTAE was reported after Ca stimulation test:
asystole [10]. This outlines the importance of hemodynamic mo-
nitoring, always with both BP and ECG. Continuous cardiac moni-
toring during the test should be performed to guarantee rapid in-
tervention should an adverse cardiovascular event occur [10, 36].

Pentagastrin stimulation tests

Mild side effects

The majority of side-effects after Pg administration are mild-to-
moderate, and represented mostly by neck/chest tightness and
gastro-intestinal side-effects.
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Severe complications

In our review, no LTAE was reported after Pg stimulation test. How-
ever, hemodynamic monitoring with both BP and ECG is necessary
because arrhythmias can occur.

Ca stimulation test — Protocol

According to studied literature and own experience, the current

authors recommend the following protocol. The recommended

substance for CT stimulation test is Ca gluconate because it has

been most studied so far.

Pre-test Patients should be informed about possible side-effects

and the test should be performed after signing an informed con-

sent. The test should not be performed until a clinical and lab eva-

luation of the patient is done, regarding exclusion criteria. The ex-

clusion criteria proposed are:

= Hyper-/hypocalcemia, hyper-/hypokalemia;

= Kidney failure stages IV-V;

= Cyanogenic congenital heart diseases, arrhythmogenic heart
diseases, prolonged QT or

= PRinterval, grade II-ll atrioventricular block, heart rate <40/
min or>110 /min, history of myocardial infarction;

= Pregnancy.

To document that the patient has no exclusion criteria, the fol-
lowing investigations are required: serum total and ionized Ca, po-
tassium; serum creatinine, and urea; cardiology check-up with BP
and 12 leads of ECG. More than that, the patient should be moni-
tored with both BP and ECG pre-test, during the test and following
the test.

Two peripheral venous pathways (cannulas) should be put at the
level of each forearm: one for blood collection for CT measurement
and one for Cainjection. One CT sample should be collected befo-
re Ca administration.

Test Thetest should be performed on an empty stomach and with
the patient lying down. The recommended protocol for CT stimu-
lation test is iv administration of 2.4 mg/Kg BW of elemental Ca,
calculated in advance and adjusted to the patient’s ideal weight,
to avoid overdosing, with Lorentz formula: Ideal Weight
(Kg) =Height (cm) - 100 - [Height (cm) - 150]/2. The recommen-
ded total time of infusion is of 3-5 minutes, depending on the
patient's tolerance. For that a continuous dialogue with the patient
is mandatory. Three CT samples are collected after Ca infusion at
2,5, and 10 minutes after administration of Ca gluconate. As pre-
viously mentioned, the patient should be continuously monitored
with both BP and ECG during the test.

Post-test  After slowly injection of Ca gluconate, a 500 ml saline
infusion (0.9 % NaCl) should be slowly administered, to facilitate
urinary excretion of Ca. Even though serious cardiac adverse events
develop mostly in the first 5 minutes after Ca infusion, the patient
should be monitored with both BP and ECG as previously menti-
oned for another 60-180 minutes after the end of the test.

The total of four CT samples collected during Ca stimulation test
(before and at 2, 5, and 10 minutes after administration of Ca)
should be sent to the laboratory for analysis in good time. Patient
participation is of approximately 15 minutes, time elapsed for Ca
gluconate administration and blood collection, then another 60—

180 minutes after the end of the test for monitoring and saline in-
fusion.

Conclusion

CT stimulation tests have great value and could help to: differenti-
ate thyroid causes of elevated CT apart from non-thyroid sources,
determine whether the patients with slightly elevated basal CT
could/could not be candidates for surgery, and indicate the right
moment for prophylactic thyroidectomy in children with MEN syn-
dromes when with normal basal CT. Current authors recommend
performing Ca CT stimulation test when needed, considering pre-
ventive evaluation of some clinical, instrumental, and biochemical
aspects of each patient. Precise instructions should be followed be-
fore the test and furthermore continuous cardiac monitoring is es-
sential during the test and post-test period to minimize the possi-
bility of a serious event.
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